algorithm (Fairall et al. 2003) . To seek for the factors behind the enhanced oceanic 1 evaporation associated with the torrential rainfall event, we perform a linear 2 decomposition of the local LHF anomaly based on the bulk formula 3 4 where and denote the turbulent LHF and 10-m scalar wind speed, while and 5 are saturation specific humidity at SST ( ) and 1.5-m specific humidity, 6
respectively. In the equation, , and are air density, latent heat of vaporization 7 and the bulk coefficient, respectively. Following Tanimoto et al. (2003), we can 8 decompose the bulk formula as 9 10 where overbars and primes denote the climatologies and anomalies, respectively. We 11 can derive from the local climatological fields as . Thus, 12 has spatial distribution and seasonality but is interannually constant. The first through 13 third terms on the RHS represent linear contributions to the anomalous LHF from local 14 anomalies in surface wind speed, SST and humidity, respectively, whereas the fourth 15 term indicates the corresponding contribution from nonlinear effects of these anomalies. 16 Note that is expressed in terms of via the Clausius-Clapeyron equation. 17
Likewise, we also apply a similar decomposition to the moisture flux anomaly as 18 6 where and denote specific humidity and horizontal wind velocity, respectively. 1
The first and second terms on the RHS represent linear contributions to the anomalous 2 moisture flux from anomalies in wind and humidity, respectively, whereas nonlinear 3 contribution is included in the third term. In the following, we show the horizontal 4 moisture flux vertically integrated within the atmospheric mixed layer from the surface 5 to 925hPa, where potential temperature tended to be vertically uniform and the air was 6 almost saturated during the peak period (Fig. S2) . 7
Backward trajectory analysis of moist air parcels 8
For a quantitative discussion, we assess the contribution from the anomalous 9 evaporation to moisture transport into the heavy rainfall region based on a backward 10 trajectory analysis, where tracing of air parcels from grid points at 500 m above the 11 surface was started every three hours from 0900JST July 5 to 0600JST July 7. Those air 12 parcels were then traced backward at 5-minute intervals by the Eulerian method in 13 following the MSM three-dimensional winds. We assume that air parcels are following 14 the grid-scale winds in the MSM data, and therefore the direct effect by sub-grid-scale 15 motions is not included. 16
Results 17
3.1. Overall feature of moisture transport and surface evaporation 18
In the peak period of the event, the stationary Baiu front accompanied a distinct 19 precipitation band over western Japan that extended eastward to Tokai region (Fig. 1a) . 20 As evident from convergence of the southerly moisture flux within western Japan during the peak period 5 was the strongest in the last 60 years. We emphasize that the northward moisture 6 inflows traveled over the warm Kuroshio, along which the evaporation maximizes 7 climatologically (Fig. 1b ). An additional moist airflow was associated with the strong 8 northeasterlies entirely over the Sea of Japan to the south of the intensified Okhotsk 9
High. Since this airflow was, however, overall parallel to the stationary Baiu front, it is 10 not obvious to what extent this flux contributed to the heavy rainfall over western Japan. 11 Figure 1c illustrates anomalous surface LHF, and surface wind fields at 10m 12 elevation averaged over the peak period of the rain event. Positive LHF anomalies 13 indicate enhanced moisture supply from the ocean to the atmosphere. The moisture 14 inflows were crossing over the maritime regions around Japan, where surface 15 evaporation was enhanced extensively. This suggests that the enhanced evaporation 16 acted to increase the moisture transport toward the heavy rainfall region. 17
Factors for the enhanced evaporation 18
Before showing our results of the LHF decomposition for the peak period of the 19 rainfall event, we first describe distributions of the individual anomalies included in the 20 linearized bulk formula in Eq. (1). As shown in Fig. 2a , anomalous surface wind speed 21 was overall positive, indicating intensification of surface winds almost entirely over the 22 surrounding seas. Especially, the anomalous wind field features the three moist 23 airstreams around the rainfall region, suggesting their prominence in the total wind field 1 and anomalous LHF (Fig. 1c) . SST was below normal around the Okinawa Islands and 2 just east of the Kyushu Island, while SST was higher than normal in the Pacific south of 3 central Japan poleward of 28ºN, despite under the enhanced surface southerlies and 4 evaporation (Fig. 2b) . As shown in Fig. 2c , anomalies in surface specific humidity were 5 overall negative around Japan. An obvious exception is a belt of positive anomalies 6 extending zonally to the south of the Baiu front. This band includes the region of 7 extreme rainfall over western Japan and the Kuroshio to its south, where evaporation 8 was enhanced. 9
Figure 3 exhibits the decomposed surface LHF anomalies, corresponding to the 10 individual terms in Eq. (1). The sum of them is almost the same to the original LHF 11 anomaly (Fig. S3) , which confirms the validity of the decomposition. The contribution 12 to the enhanced evaporation from the wind speed anomalies was dominant from the 13 south of western Japan into the vicinity of the Okinawa Islands (Fig. 3a) , while the 14 contribution from the warm SST anomalies dominated over the wind speed contribution 15 to the south of central Japan (Fig. 3b) . Thus, the most likely factor for the enhanced 16 moisture supply from the ocean to the southwesterly airstream into western Japan was 17 its intensified speed, with an additional contribution from the positive SST anomalies to 18 the enhanced moisture supply to the southerly airstream toward the eastern portion of 19 the heavy rainfall region, including Tokai region. In the south of 30°N, reduced surface 20 humidity also positively contributed to the enhanced evaporation (Fig. 3c) . The 21 enhanced evaporation over the Sea of Japan was largely due to the outbreak of 22 anomalous cool, dry air from the developed Okhotsk High and its nonlinear effect with 23 the intensifies northeasterlies (Figs. 3c and d) . On the basis of Eq. (2), we conducted a decomposition of the anomalous moisture 2 flux within the mixed layer shown in Fig. 4a , in our attempt to find a linkage between 3 the enhanced oceanic evaporation and intensified moisture transport into western Japan. 4
As evident in Figs. 4a and 4b , the anomalous moisture flux is accounted for mostly by 5 the anomalous circulation acting on the climatological humidity distribution. Its 6 convergence and divergence overall correspond to the rainband over western Japan (Fig.  7   1a ) and the areas of enhanced oceanic evaporation (Fig. 1c) , respectively. western Japan (Fig. 4d) , suggestive of local augmentation of the northward moisture 22 transport into the heavy rainfall region by the evaporation from the Kuroshio. 23 3.4. Backward trajectory analysis 1 Figure 5a illustrates the trajectories of moist air parcels traced backward up to 24 2 hours after starting from six locations in western Japan during the heavy rainfall event. 3
The trajectories suggest that almost all the air parcels have been transported primarily 4 by the southerly airstreams (Fig. 1c) into the torrential rainfall region, implying that 5 enhanced evaporation over the Sea of Japan (Figs. 1a and c) is unlikely to act as an 6 important moisture supply into the rainband. Figure 5b indicates evaporation anomalies 7 accumulated along the 24-hour backward trajectories after averaged over all the 8 trajectories traveling within the mixed layer (below 925hPa) after starting from each of 9 the grid points. The evaporation anomalies accumulated for the trajectories traveling 10 within the mixed layer are positive for all the six starting locations (0.7 ~ 1.9 mm). The 11 anomalies are comparable with column moisture anomaly within the mixed layer over 12 the ocean just south of the Shikoku Island (~1.5 mm; Fig. 6a ), accounting for 5~16% of 13 precipitable water anomaly over western Japan (~12 mm; within the domain indicated 14 with the box in Fig. 6b ). This implies that a considerable fraction of the column water 15 vapor anomalies within the moist airstream into western Japan can be attributed to the 16 enhanced oceanic evaporation over the south of Japan. Consistent with the Eulerian 17 analysis for the anomalous evaporation (Fig. 3) , the accumulated evaporation anomaly 18 is primarily due to the intensified surface wind speed, which accounts for 72~94% of 19 the total anomaly (Fig. 5c) . By contrast, the corresponding contribution from the SST 20 anomalies is almost zero or even negative for most of the starting grid points (Fig. 5d) . 21 This is because majority of the air parcels passed over the ocean with negative SST 22 anomalies ( Fig. 2b and 5a) . Nevertheless, as suggested in section 3.2, positive SST 23 anomalies account for ~26% of the accumulated evaporation anomaly for the air parcels 24   SOLA, 2019, Vol. 15A, 22-25, doi:10.2151/sola.15A-005 11 11 transported into Tokai region, including Gifu. The humidity term also contributed 1 modestly to the western portion of the rainfall region (Fig. S4) . stagnating over western Japan (Figs. 1a and c) . Under the strong southerlies, 10 evaporation was enhanced extensively over the surrounding oceans especially along the 11 Kuroshio (Fig. 1c) . Through our linear decomposition analysis applied to LHF anomaly, 12 the enhanced evaporation over the south of Japan has been ascribed primarily to the 13 increased wind speed over the southwest of western Japan (Figs. 2a and 3a) and to 14 positive SST anomalies to its southeast (Figs. 2b and 3b) . Our backward trajectory 15 analysis has revealed that the enhanced moisture supply from the ocean south of 16 western Japan due to wind-forced anomalous evaporation accounted for a considerable 17 fraction of the column water vapor anomaly of the southerly moist airflow into the 18 extreme rainfall region (Fig. 5) . Our analysis has also revealed that the enhanced 19 moisture flux into its eastern portion, including Tokai region, is contributed additionally 20 by warm SST anomalies to the south (Fig. 5d) . It is for future study to assess the role of 21 the enhanced evaporation over the Sea of Japan under the influence of the developed 22
Okhotsk High in the heavy rainfall. 23 White color is applied where the denominator of the coefficient, , is 9 too small to estimate the LHF anomaly correctly. 10 
